Introduction {#S0001}
============

The provision of healthcare in the United States is dynamically evolving in response to a complex set of financial and societal pressures from patients, providers, organizations, and policy-makers \[[1](#CIT0001),[2](#CIT0002)\]. As a result, the current structure of healthcare relies increasingly on collaborative models, and physicians must be able to lead and work in teams to provide high-quality, cost-effective patient care \[[3](#CIT0003)--[5](#CIT0005)\]. Medical schools must set the foundation for this work by providing their students opportunities to develop and enhance leadership skills.

Recent literature pertaining to leadership training in undergraduate medical education (UME) offers various paradigms for the structure and content of leadership curricula or programs \[[1](#CIT0001),[2](#CIT0002)\]. Of the medical schools with leadership development programs, some evaluate student satisfaction with their learning \[[6](#CIT0006)--[8](#CIT0008)\], while others examine students' confidence in their leadership abilities or teaching skills after participating in leadership programs \[[9](#CIT0009)--[12](#CIT0012)\]. Several studies measure students' preparedness or willingness to lead in specific scenarios, such as community service \[[13](#CIT0013)--[17](#CIT0017)\] or quality improvement \[[18](#CIT0018)\]. There have also been reports of increases in understanding of leadership as part of a physician's professional responsibility among students participating in leadership programs \[[19](#CIT0019),[20](#CIT0020)\]. The majority of studies assessing development of leadership in UME utilize a measurement of students' self-assessments or self-reporting \[[6](#CIT0006)--[12](#CIT0012)\], while a few report faculty supervisors' assessments of leadership development among students \[[16](#CIT0016),[21](#CIT0021)\], but to our knowledge, none include assessments by peers. In addition, the majority of tools employed to date to assess leadership development utilize situation-based questions or narrative comments rather than measuring discrete leadership traits \[[15](#CIT0015)--[17](#CIT0017),[20](#CIT0020)\].

We previously showed utilizing an internally developed tool that integration of a longitudinal curriculum in leadership development into our hybrid problem-based/case-based learning (PBL/CBL) program, Patient-Centered Explorations in Active Reasoning, Learning and Synthesis (PEARLS) is an effective way to develop leadership qualities in our medical students \[[21](#CIT0021)\]. To both deepen and better characterize the impact of this leadership training, we sought to include perspectives from three different evaluator groups who participate in this program -- students, peers, and faculty facilitators. In addition, we were interested in quantifying specific leadership traits impacted by this program. Accordingly, we utilized the Leadership Traits Questionnaire (LTQ) \[[22](#CIT0022)\], developed by Peter Northouse, an expert in the field of leadership research, to evaluate leadership development in medical students participating in PEARLS. The LTQ measures 14 leadership traits and reliably assesses an individual's traits when completed by multiple people familiar with the person being assessed \[[22](#CIT0022)\]. To our knowledge, it has not previously been utilized in the UME setting. We hypothesized that participation in our PEARLS program, which includes leadership training, would nurture development of leadership traits in our medical students when evaluated from the perspectives of students, peers, and faculty facilitators.

Methods {#S0002}
=======

The present study took place during academic years 2015--2016 (year 1) and 2016--2017 (year 2). Students participated in the Zucker School of Medicine PEARLS program, which includes leadership development as previously described \[[21](#CIT0021),[23](#CIT0023)\]. The core elements of the leadership curriculum for students included serving as the 'leader' for PEARLS sessions on a rotating basis (setting the agenda for the group, managing group dynamics, and encouraging participation from group members), developing and presenting targeted learning exercises ('triggers') during each session and participating in wrap-up discussions related to leadership \[[21](#CIT0021)\]. Each student was assigned to a PEARLS group of seven or eight peers with a faculty facilitator. Facilitators were responsible for guiding the PEARLS process and not for delivery of content. The PEARLS program includes six courses, which range in length from 6 to 12 weeks. Student groups and facilitators changed at the end of each course. A single cohort of 98 students was enrolled in the study ([Table 1](#T0001)).10.1080/10872981.2018.1542923-T0001Table 1.Student and facilitator demographic characteristics.Demographic characteristicsStudent demographics (*N* = 101)^a^Freq%GenderMale5149.5 Female5050.5RaceAfrican American87.9 Asian1615.8 White5756.4 Mixed races76.9 No responses1312.9 MeanSD Age (Year)^b^ 23.761.95**Facilitator demographics*Course 1* (*N* = 12)**Freq%GenderMale758 Female542DegreeMD975 DO18 PhD217Courses facilitated Mean3.5***Course 3* (*N* = 11)**Freq%GenderMale873 Female327DegreeMD655 DO19 PhD436Courses Facilitated Mean3.9***Course 6* (*N* = 12)**Freq%GenderMale650 Female650DegreeMD542 DO325 PhD433Courses Facilitated Mean3.7[^1]

Leadership Traits Questionnaire {#S0002-S2001}
-------------------------------

The LTQ was used in its original format with the 5-point Likert scale for the 14 traits ([Table 2](#T0002)) in year 1 of this study \[[22](#CIT0022)\]. Statistical analysis performed at the end of year 1 showed similar responses to all questions. To differentiate the responses of the study participants, a 10-point Likert scale was applied to the 14 traits in year 2 of the study. Measures from year 2 underwent a linear transformation from a 1--10 scale back to the original 1--5 scale in order to compare them with measures from year 1 \[[24](#CIT0024)\].

Student participation in this study was voluntary. Students were asked to complete an LTQ on themselves and all other student members of their PEARLS group at three-time points: the end of Course 1 (a 6-week course) and the midpoint (week 6) of Courses 3 and 6, about half way through years 1 and 2, respectively. Facilitators ([Table 1](#T0001)) also completed the LTQ for all students assigned to their groups at the same three-time points.

The LTQ survey was generated using Qualtrics (QUALTRICS, Provo, UT, USA) at the first time point and Baseline (Campus Labs, Buffalo, NY, USA) at the second and third time points. Surveys were distributed through email and were accessible via computer or mobile platforms. Students were provided time to complete surveys during the end of a designated PEARLS session at the three-time points. Facilitators left the rooms while students completed their surveys. Facilitators received instructions to complete their LTQ surveys within 1 week of receipt.

Analysis {#S0003}
========

For both facilitator and student surveys, all results were de-identified before any calculations or analysis of the data took place. All self, peer, and facilitator completed LTQ forms with greater than 90% of the questions answered were included in the analysis \[[25](#CIT0025)\]. For peer-completed surveys, the average peer response per trait was calculated. All students, whose average peer response had a Cronbach's alpha value \>0.8 for all 14 traits, were included in the analysis. With the balance, data missing at random was imputed using the EM missing values procedure. Inspection of means and standard deviations indicated that the EM procedure caused only minimal difference to the data (*i.e*., differences noticeable only at the .01 level). As a result, the total number of participants is shown in [Table 1](#T0001).

A two-level Hierarchal Linear Model (HLM) was used to evaluate leadership growth in PEARLS ([Appendix 2](#app0002), [3](#app0003), [4](#app0004)). HLM analysis was chosen over traditional regression analysis because the use of repeated measures was likely to generate correlated errors across time. HLM analysis was chosen over structural equation modeling because HLM is a more robust model and can sufficiently model datasets with missing data. At level 1 of the model, time was used as a predictor of leadership outcomes of the within-subject variable. The slope and intercept parameters of the equation for leadership were analyzed for evidence of random effects. Evidence of random effects indicates significant inter-individual variability in the parameters and is required before testing between-participants variables as level 2 predictors. At level 2 of the model, separate equations were created for the intercept and slope parameters of the level 1 equation. To compare the initial leadership scores, a one-way analysis of variance (ANOVA) was used. *Post hoc* tests were conducted using the Bonferroni correction.

Results {#S0004}
=======

Key findings regarding the development of particular traits as well as overall trends in student leadership trait development for the cohort of students followed longitudinally are shown in [Figure 1](#F0001). Of the 14 traits examined in this study, none were found to increase across all three evaluator groups. There were four traits that significantly improved (alpha level = 0.05) as measured by two evaluator groups, facilitator and peer, and included *self-assured, persistent, determined*, and *outgoing*. There were six traits that significantly improved as measured by one evaluator group, facilitator, and included *perceptive, self-confident, trustworthy, dependable, conscientious*, *and empathic*.10.1080/10872981.2018.1542923-F0001Figure 1.Fixed effect regression model for each leadership trait: the *Y*-axis is the average 5-point Likert scale rating for each student as determined by self, facilitator, and peer evaluator groups. The *X*-axis is the course number in the curriculum.Notes. *p* Value \<.05 in comparison of intercepts; *p* Value \<.05 in facilitator-rated measure trend over time; *p* Value \<.05 in peer-rated measure trend over time; *p* Value \<.05 in self-rated measure trend over time.

The general trend of student self-rated assessments, however, was to decrease over time (only *articulate* was statistically significant). There were no statistically significant differences of initial leadership measures between groups as determined by one-way ANOVA except *self-confident, persistent*, and *determined*. The *post hoc* tests revealed that facilitators' evaluations were statistically significantly lower than the other evaluator groups at baseline ([Appendix 1](#app0001)).

Discussion {#S0005}
==========

Moving forward, physicians will be expected to actively shape and support interprofessional, team-based models of healthcare delivery. Medical schools have begun preparing graduates for this role via inclusion of leadership training during UME. Our PEARLS program promotes higher order discussion and critical thinking skills important for successful leaders to possess, and, in doing so, creates an environment conducive to leadership trait development. In the present study, we demonstrated the ability to positively impact medical students' development of several key leadership traits through student participation in our PEARLS program ([Table 3](#T0003)).10.1080/10872981.2018.1542923-T0002Table 2.Leadership traits on Leadership Trait Questionnaire.Leadership Traits on LTQ \[[22](#CIT0022)\]ArticulatePerceptiveSelf-confidentSelf-assuredPersistentDeterminedTrustworthyDependableFriendlyOutgoingConscientiousDiligentSensitiveEmpathic 10.1080/10872981.2018.1542923-T0003Table 3.Leadership traits significantly improved from baseline.Peer and facilitator evaluator groupsFacilitator evaluator groupStudent self-evaluator groupSelf-assuredPerceptiveArticulate^a^PersistentSelf-confident DeterminedTrustworthy OutgoingDependable  Conscientious\
Empathic [^2]

Surprisingly, student self-rated assessments were very different from peer- and facilitator-rated assessments in aggregate. Self-assessments trended toward a slight decrease or no change in leadership traits over time, with *articulate* significantly decreasing during the study. The only two traits on self-assessment that trended toward increasing over time were *conscientious* and *perceptive*. Interestingly, these two traits are more reflective or introspective as opposed to those that are outwardly manifested. Assessing one's own progress is a challenging exercise. The reliability of medical students' self-assessments has been questioned previously \[[26](#CIT0026)\]. It has been shown that the accuracy of medical students' self-assessments depends upon external sources of feedback to help calibrate them \[[27](#CIT0027)\]. In our study, students' baseline self-assessments were gathered prior to receiving formal feedback from their facilitators. By time points two and three, students had received feedback from their facilitators and had also assessed their peers, both of which may have contributed to students' rating themselves more conservatively at these later points during the study. Another possible factor affecting students' self-assessments is the 'impostor syndrome', a phenomenon characterized by self-doubt and fear of being discovered as an intellectual fraud \[[28](#CIT0028)\]. When analyzing these outcomes, we must consider that PEARLS facilitators have experience observing a diverse range of students in this educational setting and, as a result, may be more accurate in their assessments. Additionally, assessments made by the peer evaluator group represent aggregate data collected from all peers assessing a given student. These compiled values may be more representative of a student's performance than a single student's self-assessment of his or her leadership traits. The close alignment of assessments made by the peer and facilitator evaluator groups further suggests that there was notable development of leadership traits amongst this cohort for those traits that statistically significantly increased during this study.

The beneficial impact of the program on leadership development in medical students is underscored by the overall alignment between the peer and facilitator assessments for the majority of leadership traits. This result is among the first to demonstrate development of discrete leadership traits not limited to a specific scenario or experience in medical students as the result of curricular engagement. Additionally, in contrast to previous research, which suggests that only leadership skills are amenable to change through experience, our work shows demonstrable change in leadership traits \[[29](#CIT0029)--[32](#CIT0032)\]. Furthermore, it is important to note that all these developments took place without the addition of curricular time devoted solely to leadership education.

Our study had several limitations. We analyzed results from one cohort of 98 students from our institution and recognize that results obtained from this student sample may have been different had additional cohorts been studied -- either from within or beyond our own institution. In addition, we were not able to utilize a control group, as all students in the cohort were enrolled in our PBL/CBL program. As the nature of the curriculum prevents facilitators from making their observations of students blindly, we acknowledge that their assessments of students' leadership traits may have been affected by subjective factors including improved perception and interpersonal bonds formed over time, as in the halo effect \[[33](#CIT0033)\]. While the LTQ is a useful tool for measuring general leadership traits, it is also possible that some of the traits included on the form are not equally necessary for medical students or physicians and further analysis of this tool to determine its appropriateness for the medical student population is warranted.

In future work, we will study multiple cohorts of students and follow them through the third and fourth years of medical school. During that time, we will examine if students' self-assessment of their leadership traits become more aligned with those of peer and facilitator evaluator groups in the setting of receiving additional external feedback at multiple points in time. In addition, we are interested in examining whether clerkship experiences further impact leadership trait development.
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10.1080/10872981.2018.1542923-T0004Appendix 1Comparison of fixed effect of initial leadership trait scoresLeadershipSelf-ratedPeer-ratedFacilitator-rated   Trait*β*SE*β*SE*β*df*Fη*^2^ (%)SEArticulate4.430.104.240.074.190.112,22671.780.16Perceptive4.310.104.330.054.220.112,22670.420.04Self-confident4.190.114.190.073.870.132,22673.020.27Self-assured**4.05^A^**0.13**4.07^B^**0.07**3.64^AB^**0.132,2267**4.57\***0.40Persistent**4.37^A^**0.12**4.22^B^**0.05**3.82^AB^**0.112,2267**8.36\***0.73Determined**4.23^A^**0.12**4.20^B^**0.07**3.82^AB^**0.122,2267**4.65\***0.41Trustworthy4.510.094.420.064.460.092,22670.310.03Dependable4.461.004.450.064.510.082,22670.000.00Friendly4.650.094.440.064.650.092,22672.230.20Outgoing**4.35^A^**0.104.260.07**3.95^A^**0.122,2267**4.51\***0.40Conscientious4.300.114.430.054.300.102,22670.690.06Diligent4.570.104.580.044.520.092,22670.160.01Sensitive4.530.104.350.074.430.112,22670.900.08Empathic4.530.094.360.074.280.122,22671.780.16[^3][^4][^5]

10.1080/10872981.2018.1542923-T0005Appendix 2.Hierarchical linear model for self-rated traits of leadership Fixed effectsRandom effects BaselineTrendLevel 1BaselineTrendLeadership trait→~00~SE→~10~SEVarSD♥~0i~SD♥~1i~SDArticulate**4.43\***0.10**−0.10\***0.420.270.52**0.16\***0.390.010.13Perceptive**4.31\***0.100.020.040.310.55**0.11\***0.330.000.00Self-confident**4.19\***0.11−0.420.400.270.52**0.44\***0.660.000.00Self-assured**4.05\***0.13−0.050.050.450.67**0.36\***0.600.000.00Persistent**4.37\***0.12−0.060.050.410.640.030.180.000.00Determined**4.23\***0.12−0.070.050.410.64**0.28\***0.530.000.00Trustworthy**4.51\***0.09−0.020.040.260.510.120.340.000.00Dependable**4.46\***1.000.000.040.260.05**0.18\***0.420.010.03Friendly**4.65\***0.09−0.050.040.250.50**0.14\***0.370.000.06Outgoing**4.35\***0.10−0.20.040.300.55**0.17\***0.410.020.14Conscientious**4.30\***0.110.020.050.350.59**0.14\***0.370.010.59Diligent**4.57\***0.10−0.040.040.260.52**0.16\***0.390.000.05Sensitive**4.53\***0.10−0.030.040.280.52**0.15\***0.390.280.53Empathic4.530.09−0.030.040.230.48**0.22\***0.470.000.00[^6]

10.1080/10872981.2018.1542923-T0006Appendix 3.Hierarchical linear model for peer-rated traits of leadership Fixed effectsRandom effects InitialTrendLevel 1BaselineTrendLeadership trait→~00~SE→~10~SEVarSD♥~0i~SD♥~1i~SDArticulate**4.24\***0.070.050.030.140.370.060.210.000.05Perceptive**4.33\***0.050.040.030.100.310.000.00**0.01\***0.09Self-confident4.190.070.050.030.120.35**0.09\***0.300.000.07Self-assured**4.07\***0.07**0.09\***0.030.130.36**0.08\***0.280.000.06Persistent**4.22\***0.05**0.09\***0.030.100.320.000.000.000.06Determined**4.20\***0.07**0.07\***0.040.160.390.010.090.100.10Trustworthy4.420.060.020.030.090.310.020.130.010.08Dependable**4.45\***0.060.040.030.100.320.000.00**0.01\***0.10Friendly**4.44\***0.060.030.260.090.31**0.05\***0.210.000.00Outgoing**4.26\***0.07**0.08\***0.030.120.340.070.270.000.00Conscientious**4.43\***0.050.030.030.080.280.000.02**0.01\***0.08Diligent**4.58\***0.040.020.020.060.250.000.00**0.01\***0.08Sensitive**4.35\***0.070.050.030.140.38**0.04\***0.190.000.00Empathic**4.36\***0.070.040.030.130.06**0.05\***0.220.000.00[^7]

10.1080/10872981.2018.1542923-T0007Appendix 4.Hierarchical linear model for facilitator-rated traits of leadership Fixed effectsRandom effects BaselineTrendLevel 1BaselineTrendLeadership trait→~00~SE→~10~SEVarSD♥~0i~SD♥~1i~SDArticulate**4.19\***0.110.100.050.430.65**0.09\***0.290.000.00Perceptive**4.22\***0.11**0.11\***0.050.420.640.030.180.000.00Self-confident**3.87\***0.13**0.11\***0.050.470.680.270.510.000.00Self-assured**3.64\***0.13**0.16\***0.050.470.68**0.21\***0.460.000.00Persistent**3.82\***0.11**0.27\***0.050.440.660.040.190.000.00Determined**3.82\***0.12**0.21\***0.050.440.66**0.21\***0.450.000.00Trustworthy**4.46\***0.09**0.09\***0.040.290.540.030.180.000.06Dependable**4.51\***0.08**0.08\***0.040.240.490.000.000.010.10Friendly**4.65\***0.090.010.040.290.550.000.000.010.07Outgoing**3.95\***0.12**0.22\***0.050.410.64**0.18\***0.420.000.00Conscientious**4.30\***0.10**0.12\***0.040.320.560.530.230.000.07Diligent**4.52\***0.090.070.040.270.520.030.160.010.08Sensitive**4.43\***0.110.050.050.440.670.000.000.000.06Empathic**4.28\***0.12**0.10\***0.050.470.680.120.120.000.00[^8]

[^1]: Note. ^a^Total in student demographics does not represent sample size for full analyses due to missing values. For self-assessment, missing values were 6, 6, 7; for peer-assessment, 6, 0, 3; for facilitator-assessment, 2, 0, 3 for Courses 1, 3, and 6, respectively.

    ^b^Age is calculated between birthday and 8 January 2015 and 2016.

[^2]: ^a^Denotes statistically significant decrease.

[^3]: Notes. \**p* \< .05.

[^4]: ^A^*Post hoc* test self-rated vs. facilitator-rated *p* \< .05.

[^5]: ^B^*Post hoc* test peer-rated vs. facilitator-rated *p* \< .05.

[^6]: \**p* \< .05.

[^7]: \**p* \< .05.

[^8]: \**p* \< .05.
